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A. Location

Charl eston, South Carolina at, on and in the vicinity of
the Grace Menorial Bridge and the Silas Pearl man Bridge
over the Cooper River (U S. Hi ghway 17).

B. Scope
1. Purpose.

This project was a joint effort by the National
Ocean Service's Oceanographic Products and
Services Division (OPSD), the Coast Survey, and
t he National Geodetic Survey’'s (NGS)

I nstrunment ati on & Met hodol ogi es Branch (I &M
Branch) in accordance with NOAA's goal to
Pronmot e Safe Navigation and the Physi cal
Cceanographi ¢ Real -Tinme System (PORTS). The
objective is to develop a real-time system using
GPS to determ ne the maxi num hei ght of a vessel
at the | owest point of a bridge. Two bridges
over the Cooper River in Charleston, S.C., the
Grace Menorial and Silas Pearlman, are the

subj ect of this project.

The task of the | &M Branch was to determ ne the
physi cal hei ght of the bottom of the bridges bel ow
three GPS antennas (two on the Silas Pearl|l man bridge
and one on the Grace Menorial bridge) and determ ne
orthonetric heights (elevations) of the antennas and
various points (profiles) along the bottom of the
bridges to a mninum of 150 feet out on both sides
of the centerline of the bridges over the shipping
channel . Acconplishnment of these tasks was to be
done enpl oyi ng special trigononetric |eveling

t echni ques devel oped by the | &M Branch.

2. Specifications.

To determ ned height differences and elevations to a
2 centineter or |ess accuracy.

3. Monunent ati on.

A new bench mark was set on each of the bridges to
serve as a starting reference for future surveys
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shoul d they occur. These stations were SILAS 1999 on
the Silas Pearl man bridge and GRACE 1999 on the
Grace Menorial bridge. Each was set in the bridge

hi ghway curb near the centerline bel ow the GPS

ant enna reference points (ARP).

The GPS antenna references points on the Sil as

Pear| man bri dge consisted of alum num angl e brackets
bolted to safety railing uprights at the top of the
bridge. One on the north side and one on the south
side of the bridge. These should be considered sem -
permanent. The ARP on the Grace Menorial bridge
consisted of a special tribrach with 3 magnetic
feet. This was nounted on a horizontal gusset plate
at the top of the bridge and secured with tie down
cabl es. This should al so be considered sen -

per manent .

Recoverabl e tenporary points were established on
both bridges. These were SILAS TP1 and GRACE TP1 and
wer e descri bed and marked but not nmonunented. Both
were the top of flat sturdy nmetal railings that

al | owed easy attachnment of a trig-leveling target
mounted on a three inch magnet base.

Non-recoverabl e tenporary points were created to
transfer heights to the bottom of the bridges at the
centerlines and along the tops of the beans at the
bottom of the bridges for the profile observations.

4. Instrunmentation. (See Equi pnment List - ATTACHVENT C)

Primary instrumentation was a Leica TC2002 Tot a
Station providing high accuracy in horizontal

(0.5"), vertical (0.5"), and distance neasurenents
(+\-1 mm + 1 ppm. O her equipnment used with it were
various retro-prismtargets, target supports, and
range pol es. These vari ous conmponents of equi pnment
were tested and calibrated prior to the project.

C. Comments
1. Reconnai ssance and Pl anni ng

A speci al reconnai ssance trip was taken to
Charl eston a nonth earlier than the project to
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determ ne | ocation of the GPS antennas, recover

| ocal horizontal and vertical control stations, and
determ ne how the heights of the bottom of the

bri dges m ght be neasured.

After study and eval uation of the information and

pi ctures gathered fromthe reconnai ssance trip,
several nethods for measuring the height difference
bet ween t he GPS antennas mounted on top of the

bri dges and the bottom of the bridges were tested at
the I & Branch facility in Corbin, Va.

The nethods tested consisted of trigonometric

| eveling, renote height neasurnents, vertical

el ectroni c di stance neasurenents (EDM ), and
vertical taping. Trig |leveling appeared to the nost
expedi ent met hod foll owed by renote hei ght
measurenents (a variation of trig-Ileveling where the
di stance is nmeasured to a point below the unknown
hei ght point), and finally vertical EDM di stances.
The | ast two nmethods would require a way to
collimate directly below the GPS antenna | ocati ons.
At the tinme of the tests, it was not known if this
woul d be possible. Vertical taping was a | ast resort
nmet hod i f none of the others were possible. The only
significant unknown affecting the methods involving
the use of the total station instrument was the
effects fromvibration and novenent of the bridges
due to traffic.

2. Specifications and Procedures.

The first day on the Silas Pearl man bridge an
experi ment was conducted to test the |leveling
conpensators of the total station. The results were
very close with this function turned on and off.
However, with it on, the constant traffic induced
vi bration nade the spreads large in the difference
of elevation neasurenents. The conpensators were
turn off and the instrument kept |level manually. A
little time was | ost at each setup, but otherw se
this worked ok. Wth this problemresolved, the
measurenments could be started.

Hei ght Differences Using Triag-Ieveling
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Hei ght differences using trigononetric leveling is
acconplished by neasuring a zenith distance angle
and a slope distance to a target formng a right
triangle. The base of the triangle is through the
vertical center of rotation of the total station
instrunent (TSlI). The sl ope distance is the

hypot enuse and 90 degrees m nus the zenith distance
is the angle at the intersection of the base and
hypot enuse. G ven these val ues, the length of the
opposite side of the right triangle can be sol ved
for yielding the height difference between the
target and the vertical center of rotation of the
TSI. Calcul ation of the height difference is
perfornmed by on-board software stored in the
instrument and the value is shown in one of the LCD
di splay windows. It can al so be recorded to an on-
board data storage recording nodul e. Previous
testing of this function has proven its validity
when conpared to conputing the height outside the

i nstrument .

Corrections Applied to Trig-1leveling

Prior to observing the neasurenments, both

net eor ol ogi cal data (air tenperature and pressure)
and instrunment and prism offset constants val ues
must be stored into the instrunent. The net data is
used to conpute the refractive index correction of
t he at nosphere for the EDM bei ng used. The
instrunment and prismoffset constants were

determ ned by calibration prior to the project.
These values are stored in the TSI as a parts per
mllion (PPM correction fromthe net data and a
conbi ned of fset constant (in mllimeters) for the
EDM and retro-prism bei ng used.

Al so, a standard correction for curvature and
refraction is applied to each height difference
measur enent based on the follow ng fornul a:

Hei ght Difference = (SD*COS(ZD)) +(1-k/2R)*( SD*SI N( ZD) ) 2

where: k = 0.13 (nean value for coefficient of refraction)
R = 6.37*10E6 neters (earth radi us)
SD = neasured Sl ope Di stance
ZD = neasured Zenith Di stance
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This correction is also perfornmed by the TSI's on-
board software.

Hei ght Di fference Determ nation

The height difference or difference of elevation
(d.e.) between two points is obtained by first
measuring to a backsight (BS) target which gives the
d.e. fromthe target to TSI. Next, a nmeasurenent is
taken to a foresight (FS) target which gives the
d.e. fromthe target to the TSI. The foresight d.e.
m nus the backsight d.e. yields the height
difference with the correct sign between the two
targets. The relationship of the target to the point
to which the height difference is to be established
must be consi dered and appropriate corrections made.
I n nost cases, if both the BS and FS targets are of
equal hei ght above the respective points, then the
resulting d.e. between the targets is the d.e.

bet ween the two points. In other cases, as in this
project, corrections for the physical height of the
target above or below a reference point nust be
applied. Figure #1 in ATTACHMENT A illustrates how
the height difference fromthe GPS antennas on top
of the Silas Pearl man bridge to reference point
Silas TP1 was determ ned for this project. This case
requi red corrections for both of the targets.
Figures #2 and #3 in ATTACHVENT A illustrate the
nore conmon scenari o where both targets are of equa
hei ght above the el evation points. This nmethod was
used to nmeasure the height difference fromthe GPS
antenna on top of the Grace Menorial bridge to the
Grace TPl reference point. Figure #3 depicts how the
hei ght differences were transferred to the bottom of
the bridges at the centerlines and for the profiles.

For all of the height transfers fromthe antennas
down to the bottom of the bridges, multiple
measurenments from5 to 10 or nore were taken in both
direct and reverse positions of the TSI. The average
of these was used as the final difference of

el evation. For the profile neasurenents, a m ninum
of two sets (1 set = direct/reverse on each target)
wer e taken.

El evation Ties to Local Vertical Control
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Once the height differences on the bridges were
establ i shed double run trig-leveling was run from BM
R16 to BM Y151 to reference mark SILAS 1999, and
finally to BM X151. El evations were transferred to
the Grace Menorial Bridge through BMs Silas 1999 to
Silas TP1 to Grace TP1 using trig-Ileveling.
Observati ons were made from each bridge to the other
on two different days.

D. Closures and Fi el d Checks

1.

Bl under checks

These neasurenents were by no neans very precise but
provided an in the ball park check on the trig-
| evel i ng nmeasurenents.

a. Silas Pearl man Bridge

The height from SILWARP (Silas West Antenna
Ref erence Point) to Silas TPl was neasured with
a tape. This was not a perfectly vertical

measur enent, but close. A reasonablely good
check was made.

Taped height ....: -45.8 ft.
Trig-level height: -45.7 ft.
Di fference: 0.1 ft. (1.2 inches)

b. Grace Menorial Bridge

Prior to this project the South Carolina Dept.
of Transportation (SCDOT) neasured the height of
the Grace Menorial bridge at the centerline
upright of the bridge (m dspan at U22 L22 chord
to chord). The trig-Ileveling height neasured was
fromthe top edge of the horizontal gusset plate
on which the antenna was nmounted to the bottom
edge of the horizontal gusset plate at the
bottom of the bridge. SCDOT did not show us
exactly where they neasured fromand to and we
forgot to have them show us. The difference is
| arger than hoped for.
Trig-levels height: -63.96 ft

SCDOT taped height: -63.55 ft
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Di fference: 0.41 ft (4.92 inches)

2. Leveling Closures

Aline tie was made from several bench marks to the
east of the bridges and through several bench marks
at the east end of the bridges. Double Run Trig-

| eveling was used from BM R16 (east end of Grace
Menorial bridge) to Y151 (east end of Silas Pearl man
bridge) to Silas 1999 (on Silas Pearlman bridge) to
X151 (also on Silas Pearlman bridge). A new n nus
ol d conpari son was done between previous First Order
| eveling (1979) and the current trig-leveling. Since
Silas 1999 was new mark between Y151 and X151, the
difference of elevation (d.e.) between Y151 and X151
was conmputed using the sumof the d.e. from Y151 to
Silas 1999 and the d.e. from Silas 1999 to X151.

R16 to Y151
Publ i shed NAVD88 el evation R16 .... = 3.1810 m
Publ i shed NAVD88 el evation Y151 ... = 8.3473 m
Di fference of elevation ........... = 5.1663 m
R16 to Y151 trig observed d.e. = 5.1661 m
R16 to Y151 published NAVD88 d.e... = 5.1663 m
New-O d. = -0.0002 m
Y151 to X151
Publ i shed NAVD88 El evation X151 ... = 42.6961 m
Publ i shed NAVD88 El evation Y151 ... = _8.3473 m
Di fference of elevation ........... = 34.3488 m
Y151 to Silas 1999 trig observed... = 41.0962 m
Silas 1999 to X151 trig observed... = -6.7459 m
Y151 to X151 trig-leveling observed = 34. 3503 m
Y151 to X151 published NAVD88 d.e.. = 34.3488 m

New-Od = 0.0015 m

3. Sunmary of Individual Height Measurenents (See
sketches in Attachnent B show ng | ocation of
poi nt s)
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a. Silas Pearl man Bridge

SILE ARP to Silas TP1

Silas TP1 to SILE CL

SILWARP to Silas TP1

Silas TP1 to SILWCL

Silas TP1 to Silas 1999

Silas 1999 to Profile Points 1-16
Silas TP1 to Grace TP1

b. Grace Menorial Bridge

G ace TP1 to Silas TP1

GRAC ARP to Grace TP1

Grace TP1 to G ace CL

Grace TP1 to Grace 1999

G ace 1999 to Profile Points 1-10

c. Leveling Ties (Double-Run Trig-Levels)

R16 to Y151
Y151 to Silas 1999
Silas 1999 to X151

E. Reconmmendati ons

Despite the constraints of limted time and persistent
traffic on the bridges, the results of this project are
very good. It appears that heights and el evations
determ ned using trig-leveling techniques fall within
about a centimeter or less. This is well within the 2
centineters desired. Al objectives were net.

1. Determ ne the physical height of the bottom of the
bri dges bel ow t hree GPS ant ennas.

2. Determ ne orthonmetric heights (el evations) of the
ant ennas and various points (profiles) along the
bottom of the bridges to a m nimum of 150 feet out
on both sides of the centerline.

For simlar future projects, the use of trig-Ileveling
t echni ques shoul d provide a viable nmeans for height
transfers if the foll owi ng procedures are adhered to.
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1. Use a total station instrunent (TSI) with at |east a
1 second or better angul ation capability and an
el ectroni c di stance measuring accuracy of +/- 3 mm +
2 ppmor better

2. Be sure all paraneters and corrections are dialed
into the TSI correctly (i.e. tenperature, pressure,
of f set constant corrections, and
refraction/curvature correction on).

3. Keep hei ght transfer sight |lengths as short as
possi ble (50 nmeters or |ess) and angle to upper
target 45 degrees or less if possible.

4. Keep TSI as | evel as possible. Mnitor instrunment
| evel often. In nost cases, if bridge is shaky, it
will not be possible to use TSI electronic |eveling

conpensati on.

5. Take 5 or nore sets (1 set = 1 direct/reverse
poi nting) on each backsi ght and foresight targets.

6. Take two i ndependent sets of measurenents. Measure
one set of 5, BS/FS, then reset the instrunent and
take another set of 5. This will constitute a

forward and backward running providing sone
redundancy.

7. Keep good notes and sketches on target placenent,
hei ght s above references points, reflector
constants, for application to post observation
conput ati ons.

8. I f profiling bottom of bridge, double run between
all points and carefully determ ne distance from
centerline to each profile point.

O her Recommendati ons

It is not necessary to make a direct hei ght measurenent
bet ween two points of interest. Tenporary points can be
used as in the case of this project. To determ ne the
hei ght difference fromthe antenna reference points to
the bottom of the bridge, four neasurenents had to be
taken. SILE ARP to SILAS TP1, SILAS TPl to SILAS 1999,
SILAS 1999 to Top of the Beam and finally the thickness
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of the beam (See Attachnment B Figure #3). The sum of

t hese, after applying corrections, yields the final

hei ght difference. Choose tenporary points that can be
remeasured and are stable.

Stability is a key conmponent of good survey neasurenents.
I n nmost normal environnments, stability of the instrunment
platformis achi eved. However, when working on bridges
carrying traffic, novenment of the bridges is inevitable
and natural to the bridge design. So, if it is possible
to set up on a stable platform (a pier, an island,

anot her bridge) nearby, do so and nmake hei ght transfers
fromthere. OF course, the points of interest on the
bridge nmust be visible fromthere.

Data collection for this project could have been better
i npl ement ed. Al though trig-Ileveling software had been
previ ously devel oped, it needed nodification to be
applied to this projects specifications. The | &M Branch

will address this for future application. This was not a
maj or problem given that there was a small anmpunt of
dat a.

TABULATED ELEVATI ONS AND HEI GHT DI FFERENCES

Antenna Reference Points to Bottom Centerline of Bridges

From Poi nt To Poi nt Hei ght Difference
SPSN Desi gnati on El evation (m SPSN Desi gnation El evation (m Met ers Feet
0009 SILE ARP 65. 2046 0010 SILE CL 46. 5969 -18.6077 -61.0488
0008 SI LW ARP 65. 2104 0011 SILWCL 46. 5903 -18.6201 -61.0894
0013 GRAC ARP 66. 9055 0015 GRACE CL 47. 3507 -19.5548 -64.1560

Ant enna Reference Points to Bottom of Bridge Profile Points

(South Side of Silas Pearlnan Bridge)

From Poi nt To Poi nt Hei ght Difference
SPSN Desi gnation El evation (n) SPSN Designation Elevation (m Met er s Feet
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0009 SILE ARP 65. 2046 0020 SILAS PF5 46. 2159 -18. 989 -62. 300

0021 SILAS PF6 46. 4376 -18. 767 -61.571
0022 SILAS PF7 46. 5052 -18. 699 -61. 348
0023 SILAS PF8 46. 5941 -18.611 -61. 050
0010 SILE CL 46. 5969 -18. 608 -61. 049
0031 SILAS PF16 46.5900 -18. 615 -61. 073
0030 SILAS PF15 46.5761 -18. 629 -61.119
0029 SILAS PF14 46.4372 -18. 767 -61.571
0028 SILAS PF13 46.2126 -18.992 -62. 310

Ant enna Reference Points to Bottom of Bridge Profile Points
(North Side of Silas Pearlnman Bridge)

From Poi nt To Poi nt Hei ght Difference

SPSN Desi gnati on El evation (m SPSN Desi gnation El evation (m Met ers Feet

0008 SI LW ARP 65. 2104 0019 SI LAS PF4 46. 2123 -18.998 -62.329
0018 SILAS PF3 46. 3293 -18.881 -61.945
0017 SI LAS PF2 46. 4935 -18.717 -61.407
0016 SILAS PF1 46. 5563 -18.654 -61.201
0011 SILWCL 46.5903 -18.620 -61.089
0024 SILAS PF9 46. 5880 -18.622 -61.096
0025 SILAS PF10 46.4995 -18.711 -61.388
0026 SILAS PF11 46.4295 -18.781 -61.617
0027 SILAS PF12 46.2096 -19.001 -62.339

Ant enna Reference Points to Bottom of Bridge Profile Points
(North Side of Grace Menorial Bridge)

From Poi nt To Poi nt Hei ght Difference

SPSN Desi gnati on El evation (n) SPSN Designation Elevation (m Met er s Feet

0013 GRAC ARP 66. 9055 0041 GRACE PF10 42.4869 -24.419 -80.113
0040 GRACE PF9 43. 8047 -23.101 -75.790
0039 GRACE PF8 45,1317 -21.774 -71.436
0038 GRACE PF7 46. 3189 -20.587 -67.541
0037 GRACE PF6 47.1003 -19.805 -64.978
0015 GRACE CL 47. 3507 -19.555 -64.157
0032 GRACE PF1 47. 3552 -19.550 -64.141
0033 GRACE PF2 46. 8308 -20.075 -65.862
0034 GRACE PF3 45. 7661 -21.139 -69.355
0035 GRACE PF4 44, 4580 -22.448 -73.647
0036 GRACE PF5 43. 1436 -23.762 -77.959
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ATTACHVENT A

Trigononetric Leveling
Hei ght Measurenent Di agrans
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SILAS PEARLMAN BRIDGE
Chatleston, South Carolina
SILW - Narth Side Center Span
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SILAS PEARLMAN BRIDGE
Chatleston, South Carolina

SILW - Narth Side Center Span
HEIGHT DIFFERENCE SILAS TPi TO SILAS 1999

TRIGDNOMETRIC HEIGHT MEASUREMENTS
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SILAS PEARLMAN BRIDGE

Chatlcston, South Carolina
SILW - Norcth Side Ceater Span
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A T h
- T T v . a - il T a .I.I T 2 I n 1 __.““-l\'_ LIV1T OGN T M
I A TL N N Tt Ay, oy, DS S R m.iu o] - ::oum
e = . — . 4t J
".-'; ‘. - ‘. o “ e .‘ N _.l N _.l -~ _.l (SN - A . . ——-—
=430 m LIYETD
1 "J"" e
WRE I =
— ERFE -
| “@=
IMAWE Y CNLAND ¥, NURNAT. SUA MEC DRANGEL TAE OLANTSECT RCTTOM OF RRTDGE w m

ATTACHVENT B
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Proj ect Sketches
Hei ght Di agr ans
Profile D agrans
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SILAS PEARLMAN BRIDGE
Scouvrh Side BEotvom -

NAVIDSS -
Tidal = Mean High Warer

Octthomertric

- CHARLESTON, S.C.

Cenper Span

Haighe
(MHEW) Height

GPS ANTBNNA

TOF OF GPS ANTENNA

7Y MAOUNTING BRACKRBT
] I
[
HI=
=
NS RSN SCE P AE PSERO N R NSO
L1
: 2
Ak = 42.987 m FOTTOM OF BRIDGE E S CENTBRLINE BOIIOM OF BRIDGE
BRIDGE
HNaYDrEaM » &AH gpg

HgrpsawT =

= HNAVDssSEM +[Ah - AN ]
= 3.119 - [62.987 - ({-33.135)-(-33.132R))]

= 2219 + 61.9594

Hgps + 4om

Horsaorme =

b1 9 -
QrasTTT 43.21% m
H]l = -18.S08 m
Ha";f adBr = 46,605 m or 152,908 F«
NAVDSS - MEIW - -2.04 Fx
HGpspesps = 130.663 Fr.
MW
Hepapnernr = 130.863 Fx.
MW
HgrsaNT = GPFS bhalght of anvenne
M aasvoasny = Haight of ths NAVDAS bmbach matk
= helghe differences

Delta helghe minua the goald

AH gpg
I = $lelghxs oF cthe bocsom of the bridge e che
top mf thae mntehaosa tmaustiay bracker ar plate
bridgs

Huight of the battain aof the

H yavDesam -
= hapg N + 4o MHW = Mcao High Wacer
= 2N m HﬁW"' Heolght uvf the bortom of the brildge mbove MHW
NAYDEGE BM N = Geeid Height
2,219 m
BAN RIGH WATER _____

DEAWN BY ORLAND W. MIUUARAY, NGAH,

IAclhd BERANCH, FILE: SILABN £ QGOD
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ELEVATION TIES FOR CHARLESTON, S§.C. BRIDGE PROJECT

(PRELIMINARY ELEVATIONS FOR REFERENCE POINTS OTHER THAN Ri14, Y151, AND X151)

USING TRIGONOMETRIC LEVELING TECENIQUES

GRACE TF1 (0012) EKgGRACE CL (0015) 47.3507 m (Centerline Bottom)
GRACE 1999 (0014) £9.3625 m

GRACE MEMORIAL BRIDGE

50.4137 m

SILAS TPL (0007) |
51.2801 m

Xi51 (0006) 42.6974 m
(Pub NAVDEA 42.6961 m)
CLIWE sV OM illm . MFMEAY, AL, Lrd sk wzilys rifx SO O0G

5 SILW CL (0011) 46.5903 m (Centarline Bottam)

 SILW ARP (0008) 65.2104 m
299 (0005) 49.4433 m

(P SILE CL (0010) 46.5969 m (Centesline Boctom)

1
SILE ARP (0009) 65.2046 m

any

R1é
(Pub NAVDES 5161 m)
N

SILAS PEARLMAN EBRIDGE

(0002)

Y151 (0003)
§.9471 m

(Pub NAVDSE 4.3475 m)
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GRACE MEMORIAL BRIDGE
HEIGHT OF BOTTOM OF BAIDGE AT CENTERLINE
BELOW GFS& ANTENNA RBEERENCE FOINT

GRAC ARP
Tap of GPS Mounring Brachsr
[ 4
-16.4918
<19.3548 ™
| GRACE TP
|
=

-1.05]1 @ J/"-' 1399

=0.5662 m TOF OF PEAM
4.663. -

| Rorram of Bridge

Centerlias
idge

DAAWN BV ORL4ND V. umu" E LM mRANCH s/i/se nu:cuc_:&n

SILAS PEARLMAN BRIDGE

HEIGET OF BOTTOM OF BRIDGE AT CENTERLINE
BELOW GrS ANTENNA REFERENCE POINTS

SILW ARF

Top of Brackacx

SILE ARF

ﬁ Top af Bracker

-13.9303 m

166201 m

-139243 =

-18.6077 m

SILAS TF1
y
-ldlsr n
SILAS 1999
[ il
.]_l)Iﬂ m =2.1474 ™
L TOP OF BEAM TOP OF BEAM
v a1 [T~ v
-0.899 m F0.698 m
F Bottom of Bridge Cencerline Span Batcom of Bridge T
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COOPER RIVER BRIDGES PROJECT - CHARLESTON, S.C.
PROFILE ELEVATIONS USING TRIGONOMETRIC LEVELING TECHNIQUES

GRAGRE FFI0 GRACE Fry GRAGE PP BRACE FB7 GRACE PPé GRACE CL GRACE PP GRAGE F1 GRACE FFY GRACE Fré GRACE Pr5

(oed)) {0040) {wass) (333) (wn37) (ao15) (0032) (0033) (ogn4) (0o :) e

414869 = 438047 = 51317 - 53189 m £7.1008 = 470507 m £7.3552 = 454300 m 457561 1= 464580 m 50436 n
.

NOTE: Elcvationr atc nt bottom of bridge GRACE MEMORIAL BRIDGE (TOP VIEW)
fot cach profile poiot. Location of profile

and bench marks not to scale and for

illngeravive prspose only.

ll‘@““l

Fub KAVDM 1181 m

SILAS 7F STLAS BF3 SILAN FB2 SILAS PR LW L WLAR PEY SILAE TF10 EILAS FFT SILAR FRL1
(omim o1e) (sm7) (o) (oem) (0024) (00d3) (oe26) fugaz)
462132 m 46.939% n 46,4989 = 463565 = 165998 & 455600 m CEAPYS = 46,4295 = 462096 =
QM\ 3 /Q/J)ﬁ
R
STATI5 SILAS PEARLMAN BRIDGE (TOP VIEW)

ooy
£9.44%5 n

ey 'l AR 1 TS 1 £
A3 1 W, 17 ¥, \L/ \L/ 0
X131 (0008) HLAS PFY SILAS PR SILAR FFY VILAS PR SILE CL SILAR PI6 SILAS PR3 SILAE PR3 BIL4d PR3 \Eam (7))
26974 n (eoz9) (0821) (o031} (se23) (] {eoan) (aa3a) (pe1y) (ooam) L3471 &
(Fub RAYDS® 42.6961 m) 462159 m 46,4576 m. 5052 m 165541 m 4635963 = 463900 m 4637¢1 m. 442 m S @ (Pab KAVDEA 8.347% m)

Drawa by Orland W. Norrey, NGS I2M Branch, FIR SILPROFI.GCD
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SILAS PEARLMAN BRIDGE PROFILES
PROM CENTERLINE TQO 160.5 FEET EACH SIDE OF CENTERLINE
NORTH SIDE OF BRIDGE
A__TOF On FE ANTeNNA MOONTTHC sRACTET
T 7
" CENTERLINE[] ers
LSS = Prpeighd 0622 m g
- una -61.201 IT - -EL09S FY AR71 m
H0AM = :‘I?‘%?‘[‘ 4037 FT 4017 IT—) SL.389 ¥T PHL
Pr4 41543 BT (TP 9672 PT > g L
(LES9% s k -SiLay §T -19.001 m
~61.82% FT s Ir 123,60 T 62,339 FT
16050 FT- 160.9¢ BT
- - .--.:.-:-.l.-:-.i.-.n-.'-.n.- A pas poa b pac v '-'-.--:'-.2-‘-.---‘-.--.‘-:E-:.-.---‘.-.---‘.-r-‘.—:--.-a..'--..'--.. B YR --‘---'---l-'u.'--.l-'-.l-\.'.-_n-\.‘.-_:-.‘.-_:-.‘.-,-.'-‘.-
L S A A G, B S YOS N I Lo Tt T Y S I H . P Wi et A i s T e A e e P b A e e o T e e A el
] WOYOE DF BAINCE y
TN PFS PF2 L m‘mrnl.m M DF BRI PED [T FFL FR2
158 FT FROM SDGE ——
CENTERLINE L3
16935 m CENTERLINE
<917 m
;’,;’::P" £2064 FY
DLATED INTERFOLATED
VALUES FOR
15 FT POINT YALUBS FOR
158 ¥T POINT
SOUTH SIDE OF BRIDGE
TOX OF GFY AN TENDLA TN FRACHET
| i I
1251 10560 m
Prcn 15699 m Aasit M -61038 FT Aeldm P
1A T 61068 BT -£L073 ¥ 1061 =
AATET B - 4109 FT SL1Y BT PRUE
PESE -£1.571 FT l— 3563 FT— « T <18.7E7 ™ K
A = rd 3T - m %1571 FT 0991
62548 -SL310 FT
107.04 FT |
16050 BT
16650 BT
.:.-,.=.-r.'.-.--..-.--.'.-.--.'_-_.g_-'.-'-.'r'-.'r.-:-.'-;-.-.r..- -t T e ey e -
T A T R T T R R T T (Y YA AW YT A=, S T = O X ANE A
1 I
mrE K (TIT] PRTE IR PRAE F Pram
13 FT FROM 150 FY FRDM
CENTERLINE CENTERLINE
18982 = 13899 =
431277 T 61973 FT
INTERPOLATED INTERPOLATED
VALUEE FOR VALOES FOR
1% FT FOINT DRAWN 3Y ORLAND W. MURRAY, NGS, [&NM SRANCH 2/39/0%, FILE STLAE_S.GCD 150 FY FOINT
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GRACE MEMORIAL BRIDGE FROFILE
NORTH S5SIDE OF HRIDGE

FROM CHNTERLINE TO 393 FT EAST OF CENTRELINE

Yor or wrs ANYENOA MOURIING ERAGERY
(TERLINE e erz PF3 I
£ B2 2 i s
Mo S A, ir £5.235 FI 29448 m s
188.7 FT— 70657 FT -JATEZ B
2182 P T— -F7.959 FT
oy FT—
M3 FT—
1 1 1 1
FF1  soYToM OF Ao FRZ
B IT o
7.~ prilrd rr .
F T Trs
w6 T
ISTEAFGLATED
VAL 2O& M9
FT PMOINT
FAOM CENTERLINE T9 40 FT WEST OF CENTERLINE
Tar OF O ANTENSA MOUUNTISG ERACENT
T . e, . |
768 BT 34 A I P s PT GRYLERLING
g1 aaslal m -7L4% FT 1754 FT . 5 F
4&1 - -75.790 FT —1633 FT Tes
-0 it —150.3 ET
4873 FT
T
1
Pré MTICE Or UL
== "7 e R
FF? CERTIALEN
TRl DI »
s Y
OFTERIOLLTER

DRATY 3T QRLATD W. MNULRAY, MM, Tacll PLANCE 4i4fp RLEGRACE 29CT

ATTACHVENT C
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Equi pnent Li st

Equi pnent List for Charleston Bridge Project

1 TC2002 Total Station Sn: 359817 NOAA: 529697

4 Instrunent Batteries GEB64

1 Battery Saver 3 Quick Charger and adaptors

1 Standard Leica battery charger for both TC2002 and NA3003
batteries

1 GIS-700 Total Station Sn:KE0136 NOAA: 529647 Battery

Char ger I n case

1 GIS-700 Battery extra

1 Laptop Conmputor Sn:5021 NOAA: 493813 Mod#: 48431
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Metal Scal e 300 nmm

Therm stor tenperature probe and display unit
Tri brachs

Tri brach Adaptors

Alti-plus digital baronmeter

Psychronet er

NA3003 Digital Level Sn:92430 NOAA: 529526
Level i ng Rod 3-neter invar bar-coded

Sn: 27236 NOAA: 529636

Sn: 27229 NOAA: 529635

60 CMinvar strip

NRRRONR R

=

Smal | Kern Col | i mat or
Trig Leveling Targets
GPS magnetic antenna nmounts (Dave Crunp’s) Note: Height to
op of yellow surface 61.0 mm
SECO Trig-1eveling poles
Various adaptors for targets (bayonets, 5/8x11l adaptors)
2 Two neter GPS poles
Range pole sets (2-15 ft and parts, 1ft , 2 ft, Seco 5 m
adj ust abl e, bubbl es, braces and cl anps)
4 Peanut prismtargets (0 or -30.0 mm constants)
2 Tapes 30 neter (standardized and non)
Vari ous nmounting magnets (big and little)
6 Radi os (two-way wal ki e tal kie)
CBL#3 Sn : 651ARU0210
CBL#2 Sn : 651 ARU0209
Corbin Sn: 651ARU0212
Corbin Sn: 651ARU0213
Corbin Sn: 651ARU0214
Corbin Sn: 651ARU0215

NTNDN PR

4 Radio chargers
1 Unbrella
Rope and haul up bag
Various Tools (hamer, chisels, wenches, C-clanps, tie
straps,etc.)
Mark and mark setting material (epoxy)
Various angle iron pieces to nmount targets
1 Slip-leg Tripod
1 T-3 Fixed leg
1 Level tripod fixed |eg
Recording fornms and field books
Bri dge Di agrans and notes
1 HP-41 Cal cul at or
1 HP-200LX handhel d conputer

Duct tape
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NDNDN

Standard batteries (D, C, AA etc.

Caner as

Safety Vests

Bi nocul ars

Fl ashl i ghts

Tri pod Hol ders

Leveling turning pins and hamer
12 volt Flashing Warning Lights
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